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Background: The Great East Japan Earthquake occurred on March 11, 2011. The source of the
ensuing devastation was not the tremors, but the subsequent tsunami. Responding emergency
medical teams could not provide sufficient assistance, which led to many people dying before
the rescue teams arrived. Thus, the main objective of healthcare professionals became to
prevent deterioration in people’s health statuses in the disaster area.
Methods: One month after the earthquake, the Health-Promoting Association of Respiratory
Medicine of Tohoku conducted a survey regarding changing disease prevalence among
inpatients in respiratory medicine departments of regional core hospitals in Miyagi Prefecture,
the area that suffered the most damage.
Results: The number of patients fromMarch 11 to April 10, 2011 was 2.7 times greater than that
during the same period in 2010 (1223 vs. 443, respectively). The prevalence of asthma,
exacerbations of chronic obstructive pulmonary disease, and community-acquired pneumonia
were also 2–3 times greater in 2011 than in 2010 (98 vs. 32, 117 vs. 46, and 443 vs. 202,
respectively) among all ages. Half of the community-acquired pneumonia cases originated in
evacuation shelters. The number of inpatients with other diseases, including those who
drowned, was relatively small, and mortality did not increase significantly at these hospitals.
Conclusions: The findings may result from poor shelter or dwelling conditions, as well as
overpopulation and lack of basic resources. Adequate shelters, supply systems, and protection
from infection, including vaccinations, are needed to prevent deteriorations in health status
after the acute phase of a natural disaster.
& 2013 The Japanese Respiratory Society. Published by Elsevier B.V. All rights reserved.panese Respiratory Society. Published by Elsevier B.V. All rights reserved.
dicine, Tohoku University Graduate School of Medicine, 1-1 Seiryo-machi, Sendai 9808574,
549.
c.jp (S. Ohkouchi).
r e s p i r a t o r y i n v e s t i g a t i o n 5 1 ( 2 0 1 3 ) 5 0 – 5 5 511. Introduction
The Great East Japan Earthquake (2011 Tohoku Earthquake) hit
the east coast of Japan at 2:46 PM, March 11, 2011. This was the
strongest earthquake (magnitude 9.0 at the epicenter) in the
history of Japan. However, the earthquake itself injured few
people because it did not contain much of a ‘‘killer pulse.’’
Instead, it was strong enough only to destroy frame houses,
having a frequency of 1–2 tremors/s. The low number of
injured was also likely attributable to Japanese construction
regulations, which have become very strict since the
Kobe earthquake (Great Hanshin Kobe Earthquake) in 1995
[1–3].
However, earthquakes can cause severe destruction of
infrastructure (e.g., electricity, including atomic power plants;
water, oil, and natural gas supplies, and communication and
transportation) as well as unexpected tsunamis. In the case
of the 2011 earthquake, the resulting tsunami killed a
significant number of people within several minutes of the
earthquake.
The National Police Agency of Japan reported that this
disaster killed 15,852 people and that 3279 people remained
missing as of February 29, 2012. Of those deaths, 90.6%,
4.2%, and 0.9% were due to drowning, injury caused by debris
or other elements, and by fire, respectively. In addition,
hypothermia from exposure to cold seawater and the
snowy climate might have contributed to the fatalities.
Furthermore, 55.7% of those who died were over 65 years old.
Of the affected areas, Miyagi Prefecture suffered the most
damage.
Rescue teams were unable to approach the coastal areas for
several days, because of the repeatedly surging waves and early
darkness (sunset time on March 11 on 2011 was 5:40 PM).
Most patients requiring intensive care were unable to reachFig. 1 – Overcrowded shelter following the Great East Japan Ear
Prefecture, March 21, 2011. The Yomiuri Shimbun kindly providemergency rooms. For the first few days following the disaster,
the number of patients in emergency rooms in Miyagi Pre-
fecture was fewer than during normal periods [4].
The Miyagi prefectural government reported that approxi-
mately 320,000 people survived the earthquake and tsunami
but had to evacuate into overpopulated shelters such as
gymnasiums. The total population was 2.4 million in Miyagi,
one million of which lived in seashore areas (Figs. 1 and 2).
These individuals, and even those who were able to stay in
their dwellings, experienced infrastructure disruptions and
food shortages. Electricity, natural gas, and water supplies
were also obstructed for several weeks in many areas, during
which time the weather was cold. For several weeks following
the disaster, all residents of Miyagi Prefecture had to live
under conditions of constant physiological and mental stress.
Their health deteriorated, and common diseases afflicted all
age groups. The number of patients with minor illnesses
increased rapidly several days after the earthquake. In gen-
eral, non-urgent health care was needed rather than inten-
sive care, particularly in the shelters. During this period, we
conducted a survey to determine whether the majority of
patients were essentially healthy. We believed that this
tragedy might increase our awareness of the importance of
maintaining individuals’ health statuses after the acute
phase of a disaster.2. Material and methods
It was impossible to accurately survey the change in disease
prevalence in patients during this period because many hospi-
tals were unable to gather information on all of the inpatients
and outpatients during the confusion caused by the earthquake.
Therefore, during the first month following the earthquake, the
Health-Promoting Association of Respiratory Medicine of Tohokuthquake (2011 Tohoku Earthquake), Rikuzentakata in Iwate
ed this picture from their unpublished data sources.
Fig. 2 – Miyagi Prefecture is in the area nearest to the epicenter of the Great East Japan Earthquake. Fourteen regional core
hospitals were able to complete the questionnaires.
Table 1 – Background data for the respiratory departments of regional core hospitals able to answer the questionnaire in
Miyagi Prefecture.
The number of operating beds available
Regional core hospitals able to answer the questionnaire 5334 (32.8%)
All hospitals in Miyagi Prefecture 16,272
Respiratory department of these hospitals 415 (7.8%)
Regional core hospitals able to answer the questionnaire 5334
March 11–April 10 in
2010
March 11–April 10 in
2011
Total number of inpatients in respiratory departments of these hospitals 447 1223
Replenishment rate of patient quotas in respiratory departments of these hospitals 107.7% (447/415) 294.7% (1223/415)
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prevalence only among inpatients at the respiratory medicine
departments of regional core hospitals in Miyagi Prefecture.
Fourteen regional core hospitals responded to the ques-
tionnaire: Kesennuma City Hospital (the number of operating
beds available in the respiratory department/the number of all
operating beds available in hospital; 30/447), Ishinomaki Red
Cross Hospital (40/448), Kurihara Central Hospital (20/260),
Furukawa Seiryo Hospital (12/99), Saka General Hospital
(44/358), Sendai Medical Center (37/698), Sendai Open Hospital
(43/330), Sendai Red Cross Hospital (21/400), Sendai Shakai
Hoken Hospital (4/418), NTT Medical Center Tohoku (20/199),
Tohoku University Hospital (54/1222), Nagamachi Hospital
(40/120), Sennan Hospital (10/35), and South Miyagi Medical
Center (40/300). The locations of these hospitals are shown in
Fig. 2.
The number of beds available in these hospitals accounted
for approximately 30% of all available beds in Miyagi
Prefecture. The beds available in the respiratory departments
of these hospitals represented approximately 8% of all beds
available in ordinary circumstances (Table 1).
Many patients along the seashore moved to hospitals in
Sendai, as the core hospitals there were able to maintain
minimum functionality by operating on their own energy
systems. Almost all the movements of patients from seashoreto other areas were limitedwithin Miyagi Prefecture. Therefore,
we believe that this report illustrates the actual health condi-
tions during this period and within this area.3. Results
3.1. Comparison of disease prevalence from March 11
to April 10 in 2011 and 2010
The number of inpatients in the hospitals listed above from
March 11 to April 10, 2011 was 2.7 times greater (1223 vs. 447)
than the number admitted during same period in 2010.
For this reason, some inpatients in other departments in
hospitals were obligated to move to shelters or their own
dwellings (Table 1). The number of patients with community-
acquired pneumonia (CAP), chronic obstructive pulmonary
disease (COPD), and asthma exacerbation was 2.2 (443 vs.
202), 2.5 (117 vs. 46), and 3.1 times (98 vs. 32) greater in 2011
than in 2010, respectively. However, the proportion of these
patients relative to all inpatients did not change considerably
(CAP: 41.9% vs. 45.2%; COPD: 9.6% vs. 10.3%; asthma: 8.0% vs.
7.2%; Table 2). The proportion of patient ages and the number
of deaths were about equal in 2010 and 2011 (Figs. 3 and 4).
These data suggest that many of the patients during this
Table 2 – The number of patients in the inpatient section of regional core hospitals in Miyagi Prefecture, March 11–April 10
in 2010 and 2011.
N %
2010 2011 2010 2011
CAPa (non-shelter residents) 202 299 45.2 24.4
CAP (shelter residents) 0 214 0 17.5
CAP (total) 202 443 45.2 41.9
Tsunami pneumonia 0 10 0 0.8
Influenza 1 20 0.2 1.6
COPDb exacerbation 46 117 10.3 9.6
Asthma exacerbation 32 98 7.2 8.0
IIPsc exacerbation 26 43 5.8 3.5
HOTd evacuation (for electrical power failure at home) 0 301 0 24.6
Lung cancer 137 120 30.6 9.8
Others 3 1 0.7 0.1
Total 447 1223 100 100
a Community-acquired pneumonia.
b Chronic obstructive pulmonary disease.
c Idiopathic interstitial pneumonias.
d Home oxygen therapy.
Fig. 3 – The distribution of patient ages in the outpatient section of Tohoku University Hospital in Sendai, March 11–April 10
in 2010 and 2011.
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and they only got sick under conditions compromised by the
disaster, such as obstructed infrastructure.
3.2. CAP increases in poor health conditions especially in
shelters
The number of CAP patients was 2.2 times higher in
2011 than in 2010. This increase in CAP patients was the
same among all age groups (data not shown). Half of the
patients with CAP became ill in the shelters (Table 2);
this suggests that the most significant health problem in
the aftermath of this disaster was the increase in CAP.This situation could be improved by addressing the issues
of overcrowding, insufficient heating, and shortages in
necessary supplies in these shelters. Stays of over 2 weeks
in large shelters can increase the risk of pneumonia, parti-
cularly in the elderly [5–7]. However, despite many offers of
cost-free lodging in other areas, many people in the shelters
refused to move away because they had hoped to remain in
their hometowns with their neighbors. Although we recog-
nize that some psychologists might have differing opinions
on mandatory evacuation, we suggest that people in
overcrowded shelters should be moved to other places, such
as temporary housing, as soon as possible to avoid
pneumonia.
Fig. 4 – The number of deaths in respiratory medicine
departments of regional core hospitals in Miyagi
Prefecture, March 11–April 10 in 2010 and 2011.
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A pandemic influenza infection was observed in 2010, and
many Japanese (38.9%–48.9%) were immunized against influ-
enza in the autumn of 2010 [8]. Although the number of
patients with influenza increased from 1 in 2010 to 20 in 2011,
an outbreak might have been prevented through early detec-
tion using rapid antigen testing, isolation, treatment, and
vaccination (Table 2) [9]. Vaccination should be promoted as a
means of minimizing disaster damage, as well as a defense
against infections [6].
We initially expected a high occurrence of ‘‘tsunami
pneumonia,’’ as has been reported after previous tsunami
disasters [10–12]. However, perhaps because most of the
victims of this tsunami were unable to reach a hospital, only
10 patients developed tsunami pneumonia (Table 2).
3.4. Chronic respiratory diseases and home oxygen
therapy
The numbers of COPD and asthma exacerbation patients
were about three times higher in 2011 than in 2010 (Table 2).
These increases were observed among all age groups, as with
CAP (data not shown). Regrettably, we could not accurately
distinguish between the proportion of people in shelters and
others regarding COPD and asthma cases because of the lack
of accurate data, but it cannot be denied that many cases of
COPD and asthma worsened when patients were staying in
shelters. Nonetheless, available evidence strongly suggests
that patients with COPD and asthma should avoid stays
exceeding two weeks in overcrowded shelters (Table 2) [5].
Increases in the exacerbations of idiopathic interstitial pneu-
monias (IIPs) were not observed (Table 2). The observation
periods may have been too short to evaluate the influence of
the disaster on interstitial lung diseases [13–15].
In total, 300 patients using electric home oxygen therapy
(HOT) had to be evacuated to hospitals because of electrical
power failure (Table 2). The evacuation of these patients who
required HOTwent quickly and smoothly, because a company
had developed a computer system to determine the real-timelocations of patients who require HOT. With the exception of
people in the area hit by the tsunami, a map detailing these
locations was immediately and automatically sent to intelli-
gent portable computer terminals. This is one case where
Japan has learned from the Kobe Earthquake [16].4. Discussion
In the Kobe earthquake in 1995, many victims were trapped
under collapsed buildings and suffered crush injuries. Hemo-
dialysis was largely unavailable due to the unpredictably high
number of victims [17]. Therefore, the Ministry of Health,
Labour and Welfare (MHLW) of Japan has since organized over
700 disaster medical assistance teams (DMATS) in order to
reduce mortality rates during the acute phase of a disaster [2].
Many DMATS were dispatched to the affected areas soon after
the Great East Japan Earthquake; however, there was a con-
siderable imbalance between the expectations of the DMATS
and the residents’ needs, as the number of emergency patients
was quite small [4].
The following classification, consisting of three phases, has
been proposed to guide adequate measures against infectious
disease in survivors of natural disasters [6,7]. Phase 1, or the
impact (acute) phase (lasting 0–4 days), is the period when
survivors are rescued and initial treatment of disaster-related
disease is provided. Phase 2, the post-impact phase (4 days–4
weeks), is when the first waves of infectious disease (airborne,
foodborne, or waterborne infections) might emerge. Finally,
Phase 3, the recovery phase (after 4 weeks), is the period when
symptoms in survivors who have contracted infections with
long incubation periods or those with latent-type infections
may become clinically apparent. The important point we
must take from this is that infections in Phases 2 and 3 can
be diminished by good planning to avoid overcrowded
shelters, early administration of surveys, and by providing
protection against infection, including vaccinations and treat-
ment [6,7].
Fortunately, no increases in deaths due to respiratory
disease were observed in the aftermath of the Great East
Japan Earthquake. However, health care professionals should
keep in mind that many respiratory infections—especially
CAP in shelters—can be prevented by moving all healthy
individuals, regardless of age, from overcrowded shelters to
other places.
In summary, our results suggest that common diseases
increased among relatively healthy people during this disas-
ter. Excessive stress and compromised living conditions
might have caused the deterioration of the health status in
this area. One of the lessons learned from this disaster is
that, in addition to providing intensive care, we must be
prepared to prevent the deterioration in regional health
status after the acute phase of a disaster.Conflict of interest
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